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• Chemicals emitted yearly from personal care products use and their range
• Consumer surveys from France, the Netherlands, South Korea, and the USA

• Three products: shampoo, conditioner, bodywash

• Three surfactants and two preservatives

1. Product used individually
• Use habit survey data for average individual use (U)

• Four different countries (V)

2. Chemical fraction in product
• Patent data, published formulations (U)

3. Fraction removed
• Estimated with SimpleTreat from the chemical properties (U)

• Number of connected persons (V)

Amount of chemical emitted

V: Spatial Variability
U: Uncertainty
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Amount of chemical emitted

Release of sodium lauryl ether sulfate 
(SLES) in the Netherlands [kg/year]

from the use of

• Uncertainty from fraction removed
• Spatial variability important for hotspots identification
• Drawbacks: data requirement, variability in study design
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Removal by wastewater treatment plants

1539 measured removal efficiencies of fragrances, surfactants, 
and pharmaceuticals + physico-chemical properties

Meta-analysis: Effect size = ln
ത𝑋𝐶𝑒𝑓𝑓
ത𝑋𝐶𝑖𝑛

Mixed-effects model (542 data points)

ln
ത𝑋𝐶𝑒𝑓𝑓
ത𝑋𝐶𝑖𝑛

= β0 + β1𝑥1 +⋯+ β𝑝𝑥𝑝 + 𝑢𝑖

Fixed effects
Internal and external 
factors

Random effects
Study, chemical, 
country, WWTP

• Quantify the influence
of internal and external
factors on the removal
efficiencies of a set of 
chemicals in activated
sludge WWTPs

External
Technological

variability

Internal
Physico-chemical

properties
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Removal by wastewater treatment plants

• High mean weighted 
removal efficiency (82%)

• Readily biodegradable 
better removed than not 
readily biodegradable ones

• Improve predictive 
performance

• Deconjugation processes

• Electrochemical interactions

log (Sludge retention time [d])
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Sources of variability and uncertainty

• Influence of variable and uncertain parameters on the 
Potential ecotoxicological impact (PEI) of a shampoo use

PEI෍

Shampoo 
used

AP

Fraction of 
chemical

entering the 
environment
Fmass,c,P and EC

Fate of 
chemical
FFc,r and

XFc,r

Potential 
effect on 
aquatic 

species EFc

PEI
PEI

→ 2D Monte Carlo Simulation
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Sources of variability and uncertainty

• Variability in shampoo
composition important

• Spread driven by the uncertainty
in the potential effect on aquatic
ecosystems

• Effect factor (=0.5/HC50) based
on ecotoxicity values from only
three species

PEI
3 orders of magnitude

PEI
PEI
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Effect on the freshwater ecosystem

• Reliable and representative hazardous
concentrations estimated from in silico methods

1. Quantitative Structure Activity Relationships (QSARs) 

2. Interspecies Correlation Estimation (ICE) equations

• Reliable: Uncertainty in QSAR and ICE, sampling 
uncertainty

• Representative: Bias = HCxAllMeasured / HCxestimated

100

50
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Concentration of chemical X
HC50

= 𝑓(𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑖𝑒𝑠)

= 𝑎 + 𝑏 ∙
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Effect on the freshwater ecosystem

Median 1.24 0.7 1.22Median 3.1 99.4 4.5∙103 6.1∙102

• Combining QSAR and ICE leads to hazardous concentrations
• With lower spread in uncertainty compared to 3 measured

• With comparable bias to 3 measured

• Chemicals with few ecotoxicity data (Applicability domain !)
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Reliability in chemical footprint modelling

• Important to include product formulation

• Know the size of wastewater treatment plants to identify hotspots

• Improve modelled removal efficiencies from wastewater treatment plants
• Deconjugation processes

• Electrochemical interactions

• Reduce uncertainty of the chemical effect quantification using in silico approaches

• 5 articles with 19 citations maximum (total 34)
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2D Monte Carlo Simulation
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Sources of uncertainty and variability
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Chapter 5 Table 6



Sources of uncertainty and variability

Quantification of uncertainty for physico-chemical properties
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Chapter 5 Table 7



Sources of uncertainty and variability – Included chemicals
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Chapter 5 Table A5.4



Effect on the freshwater ecosystem – Scenarios 
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Chapter 6 Table 8
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